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D crfption 

This invention relates to nitrogen oxide traps em- 
ployed in the exhaust system of an internal combustion 
engines to absorb nitrogen oxides during lean-burn op- 
eration. 

Catalysts are employed in the exhaust systems of 
automotive vehicles to convert carbon monoxide, hydro- 
carbons, and nitrogen oxides (NO x ) produced during en- 
gine operation into more desirable gases. When the en- 
gine is operated in a stoichiometric or slightly rich air/ 
fuel ratio, i.e., between about 14.7 and 14.4 , catalysts 
containing palladium or platinum are able to efficiently 
convert all three gases simultaneously. That is, the car- 
bon monoxide and hydrocarbons are oxidised to carbon 
dioxide and water and the NOx is reduced to nitrogen. 
Hence, such catalysts are often called "three-way" cat- 
alysts. It is desirable, however, to operate the engine in 
a "lean-burn" condition where the" A/F ratio is greater 
than 14.7, generally between 19 and 27, to realise a 
benefit in fuel economy. While such three-way catalyst 
containing or palladium platinum are able to convert car- 
bon monoxide and hydrocarbons during lean-burn (ex- 
cess oxygen) operation, they are not efficient in reduc- 
ing the NO x . 

It has become known that certain materials like po- 
tassium or strontium (hereafter "alkaline materials") in 
combination with platinum are capable of storing (ab- 
sorbing) nitrogen oxides under conditions of excess ox- 
ygen. The widely held mechanism for this phenomena 
is that the platinum first oxidises NO to NO^ and the N0 2 
subsequently forms a nitrate complex wrth the alkaline 
material. In a stoichiometric or rich environment, the ni- 
trate is thermodynamically unstable, and the stored NO x 
is released. NO x then catalytically reacts with reducing 
species in the exhaust gas to form N 2 . These so-called 
"NO x traps" are currently receiving considerable atten- 
tion because they have application for removing NO x 
from the exhaust gas of internal combustion engines 
during lean burn operation. 

The conventional method of preparing these traps 
involves impregnating the platinum and alkaline materi- 
al precursors together into a porous support material 
such as alumina. This washcoat material may then be 
applied to a honeycomb substrate through which the 
gases pass. However, we have found that the nitrogen 
oxide trap performance can be significantly improved by 
forming the washcoat in a different manner according to 
the present invention as described below.. 

This invention is directed to a nitrogen oxide (NOg 
trap useful to trap nitrogen oxides during the lean-burn 
(excess-oxygen) operation of an internal combustion 
engine. This trap comprises distinct catalyst phases of: 
(a) a porous support loaded with 0.1 to 5 weight % cat- 
alyst comprising platinum; and (b) another porous sup- 
port loaded with 2 to 30 weight % catalyst of at least one 
material selected from the group consisting of alkali met- 
al elements and alkaline earth elements, the weight % 



of catalyst being based on the weight of the porous sup- 
port. The trap preferably comprises an intimate mixture 
of catalyst phases (a) and (b) rather than separat lay- 
ers of catalyst phases (a) and (b). If more than one cat- 
5 alyst material (b) is selected, they may be provided to- 
gether on one porous support or on individual porous 
supports. 

In another aspect, the invention is an internal com- 
bustion engine exhaust gas catalyst system comprising 
io the NO x trap. The trap is arranged in the exhaust system 
and absorbs NO x when the air/fuel ratio of exhaust gas 
flowing into said trap is lean and releases the absorbed 
NO x when the oxygen concentration in the exhaust gas 
is lowered, as during stoichiometric operation of the en- 
is gine. According to another aspect, the invention is a 
process for trapping nitrogen oxides using the nitrogen 
oxide trap of the present invention disclosed above. 

Advantageously, we have found that NO x traps ac- 
cording to the present invention have improved NO^ 
20 sorption efficiency as compared to conventional NO^ 
traps where materials like platinum and alkaline materi- 
als are loaded together on the same support. We sus- 
pect that a deleterious interaction takes place in con- 
ventional traps between the platinum and alkaline ma- 
terials when they share the same support material and 
hence are in intimate contact with each other. 

The invention will now be described, by way of ex- 
ample, with reference to the accompanying drawings, 
in which: 

30 

Figs. 1A (layered) and 1B (intimate mixture) are 
schematic drawings showing NO^ traps according 
to embodiments of the present invention; 
Fig. 2 is a graph showing the nitrogen oxide trapping 
3S efficiency of NO x trap A (comparative example) and 
NO x trap B embodying the present invention; and 
Fig. 3 is a graph showing the nitrogen oxide trapping 
efficiency of NO x trap B and NO x trap C, both em- 
bodiments of the present invention. 

40 

This invention, according to one aspect, is directed 
to an internal combustion engine exhaust gas catalyst 
system comprising a nitrogen oxide trap. The NO^ trap 
comprises catalysts of platinum and at least one mate- 
rs rial selected from alkali metal elements and alkaline 
earth metal elements According to the present inven- 
tion, it is critical that the catalyst comprising platinum is 
loaded on a different porous support than that carrying 
the alkali metal elements or alkaline earth metal ele- 
50 ments. 

In forming catalyst phase (a), a loading of about 0.1 
to 5 weight percent platinum catalyst , preferably be- 
tween about 0.5 and 2 percent platinum, is employed, 
based on the weight of the support on which it is loaded. 
55 in forming catalyst phase .(b), a loading of about 2 to 30 
weight percent catalyst selected from alkali metal and 
alkaline earth metals, preferably between about 10 and 
20 percent such materials, is employed, based on the 
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weight of the support on which these materials are load- 
ed. Exemplary of alkali metal elements which may be 
employed include, but are not limited to, potassium, so- 
dium, cesium, and lithium. Exemplary of alkaline earth 
elements which may be employed include, but are not 
limited to, strontium, calcium, and barium. In forming 
catalyst phase (b), if more than one such catalyst is em- 
ployed, e.g., potassium and barium, they may be pro- 
vided together on the same porous support or on their 
own individual porous supports. These distinct catalysts 
phases (a) and (b) may be provided as an intimate mix- 
ture thereof or as layers in the NO x trap. 

Each catalyst phase used in the nitrogen oxide trap 
comprises a catalyst loaded on a porous support (wash- 
coat) material, which is a high surface area material like 
alumina, preferably being y-alumina. Still other types of 
washcoat materials which may be used at the high op- 
erating temperatures associated with an internal com- 
bustion engine exhaust system include, but are not lim- 
ited to, zeolite, zirconia, alpha alumina, cerium oxide 
(ceria), and magnesium oxide. Such washcoat materi- 
als, useful for carrying catalyst materials, are well known 
to those skilled in the art. The choice of the particular 
porous support (washcoat) material is not critical to this 
invention. Desirably, the support material has a surface 
area between about 10 and 300 m 2 /g. Each catalyst 
may be provided on the same or different type of porous 
support material. For example, according to one embod- 
iment, the platinum catalyst may be loaded on ceria and 
the barium catalyst may be loaded on alumina. Prefer- 
ably, however, the first porous support and the second 
porous support used for the respective catalysts is of 
the same type and is y-alumina. 

Generally, to provide a catalyst onto a porous sup- 
port, a catalyst precursor compound is impregnated on- 
to the support from a solution thereof by incipient wet- 
ness techniques. The solution can be water or organic 
solvent based. One embodiment invention trap may 
comprise platinum and strontium catalysts each depos- 
ited on different y-alumina support portions. According 
to such techniques, to load platinum onto y-alumina, the 
alumina may be impregnated with an aqueous solution 
of hexachloplatinic acid. After impregnation, the materi- 
al may be dried and calcined. If the porous support is 
other than ceria, e.g., y-alumina, it is desirable to also 
incorporate via impregnation some rhodium and /or ce- 
ria into the platinum containing phase. The preferred 
rhodium concentration would be between 1/5 and 1/10 
(by weight) of the platinum loading. The preferred ceria 
loading would range from 2 to 20 weight % of the porous 
support. 

Strontium may be provided on a porous support in 
the same way from, e.g., strontium nitrate. Hence, an- 
other portion of y-alumina could be impregnated with an 
aqueous solution of strontium nitrate and then dried. As 
discussed above, catalyst phase (b) comprises at least 
one material selected from alkali metal and alkaline 
earth metals. Thus, for example, if two such materials 



like potassium and cesium are employed, each may be 
provided on their own porous support (which may be of 
the same or different type) or provided together onto a 
single portion of porous support. It is only critical that 

5 neither of these materials be provided on the porous 
support carrying the platinum catalyst. 

For useful application in an exhaust system, these 
catalyst phases will be carried on a substrate of a high 
temperature stable, electrically insulating material. Typ- 

10 ical of such substrate materials are cordierite, mullite, 
etc. The substrate may be in any suitable configuration, 
often being employed as a monolithic honeycomb struc- 
ture, spun fibres, corrugated foils or layered materials. 
Still other materials and configurations useful in this in- 

15 vention and suitable in an exhaust gas system will be 
apparent to those skilled in the art in view of the present 
disclosure. 

The catalyst phase materials are generally applied 
as a slurry (washcoat) thereof onto the substrate. The 

20 catalyst phase materials may be washcoated as a mix- 
ture thereof or in sequential steps to form layers of the 
phases on the substrate, in a manner which would be 
readily apparent to those skilled in the art of catalyst 
manufacture. In either case, after applying the washcoat 

25 to the substrate, the materials are generally dried and 
calcined at elevated temperature. Figs. 1 schematically 
show an intimate mixture embodiment (Fig. 1B) and a 
layered embodiment (Fig. 1 A) of the present invention: 
The intimate mixture embodiment is preferred since it 

30 provide more efficient NO x removal. We believe that this 
advantage results because NO2 can be absorbed by the 
alkaline material phase (b) immediately after it is formed 
over the platinum phase (a), hence driving the thermo- 
dynamically constrained NO + 1/20 2 = N0 2 reaction in 

35 the favourable direction. With the platinum and the alkali 
metal phases separated into distinct washcoat layers, 
in contrast, a N0 2 molecule which is formed ov r the 
platinum phase needs to first diffuse through the plati- 
num containing washcoat layer before it can b ad- 

40 sorbed by the alkali metal. Under this scenario, th NO 
to NO s reaction is more thermodynamically constrained 
and NOx sorption efficiency is lower. While this th ory 
has been put forth to explain this advantage, neither its 
accuracy nor understanding is necessary for the prac- 

45 tice of the present invention. 

The internal combustion engine catalyst system of 
this invention may include, in addition to the nitrogen 
oxide trap, another catalyst device such as a three-way 
catalyst containing, for example, palladium, platinum 

50 and rhodium, or palladium and rhodium. The three-way 
catalyst device can be placed upstream of the NO* trap, 
hence closer to the engine. In such an arrangement, the 
three-way catalyst being closely mounted to the engine 
would warm up quickly and provide for efficient engine 

55 cold start emission control. Once the engine is warmed 
up, the three-way catalyst will remove hydrocarbons, 
carbon monoxide, and nitrogen oxides from the exhaust 
during stoichiometric operation and hydrocarbons and 
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carbon monoxide during lean operation. The NO x trap 
would be positioned downstream of the three-way cat- 
alyst where the exhaust gas temperature enables max- 
imum NO x trap efficiency. During periods of lean engine 
operation when NO x passes through the three-way cat- 
alyst, NO x is stored on the trap. The NO x trap may be 
periodically regenerated by short periods or intervals of 
slightly rich engine operation. With the NO* trap posi- 
tioned downstream of the three-way catalyst in a more 
remote location relative the engine, it is protected 
against very high exhaust gas temperatures which could 
damage the trap. It may also be considered desirable to 
optionally place a second three-way catalyst down- 
stream of the NC^ trap in order to provide for efficient 
reduction of the NO x which desorbs from the trap during 
regeneration. 

If rhodium and ceria are incorporated into the plat- 
inum containing phase of the trap washcoat as dis- 
closed above, this NOx trap may desirably be used with- 
out a three-way catalyst. In this case, the p latin urn/rho- 
dium/ceria containing phase of the NO x trap provides 
the three-way catalyst function and hence NO* control 
under stoichiometric engine operation. 

Example 1 

For comparison, a nitrogen oxide trap (Trap A) was 
prepared not according to the present invention. It was 
prepared as follows: y-alumina powder (100m2/g) was 
impregnated via incipient wetness with an aqueous so- 
lution of strontium nitrate. The impregnated powder was 
then dried (120°C) and calcined (500°C). The resulting 
material was then impregnated via incipient wetness 
with an aqueous solution containing hexachloroplatinic 
acid. The material was then subsequently dried (120°C) 
and calcined (500°C). The strontium nitrate and hex- 
achloroplatinic acid concentrations were adjusted so as 
to provide 10 wt. % strontium and 2 wt. % platinum on 
the finished material. The resulting Pt/Sr/y-alumina pow- 
der was ball milled and mixed with distilled water to pro- 
duce a slurry. The slurry was applied to a corderite mon- 
olith (400 cell/in 2 ) to obtain a 25 wt. % loading of Pt/Sr/ 
y-alumina on the monolith. The monolith was subse- 
quently dried at 1 20°C and calcined in air at 500°C. 

A nitrogen oxide trap (Trap B) according to an em- 
bodiment of the present invention was prepared. It in- 
volved first preparing distinct phases of Sr/y-alumina 
and Pt/y-alumina and then forming an intimate mixture 
of these two phases and applying it to a monolith as fol- 
lows, y-alumina loaded with strontium was prepared by 
taking y-alumina powder (100m2/g) and impregnating it 
via incipient wetness with an aqueous solution of stron- 
tium nitrate. The impregnated powder was dried at 
1 20° C and calcined at 5Q0°C. The strontium nitrate con- 
centration was adjusted in order to provide for 20 wt.% 
strontium on the finished material. The platinum was 
loaded on alumina by impregnating another amount of 
y-alumina powder of the type above with an aqueous 



solution of hexachloroplatinic acid by incipient wetness. 
The solution concentration was fixed so as to yield 4 wt. 
% platinum on the alumina. Following impregnation, the 
material was dried and calcined as above for the stron- 
5 tium. Equal parts by weight of the Sr/y^alumina and Pt/ 
If alumina powders were mixed together and ball milled. 
Water was then added to the resulting material to pro- 
duce a slurry. The slurry was applied to a corderite mon- 
olith (400 cells/in 2 ) to obtain a 25 wt. % loading on the 
10 monolith. The monolith was subsequently dried at 
1 20°C to remove the water and calcined at 500° C in air 
for 6 hours. 

Fig. 2 compares the NO x sorption efficiency for the 
two platinum-strontium NO x traps A and B made above. 

is Trap A comprises the platinum and strontium loaded to- 
gether on the same alumina while trap B comprises two 
separate phases in an intimate mixture: platinum on alu- 
mina and the strontium on other alumina. Both of these 
traps have identical amounts of platinum and strontium 
loadings on the monolith. From the figure, it can be seen 
that trap B (made according to an embodiment of the 
present invention) has better efficiency than trap A (not 
according to the present invention). It is believed that by 
providing the catalysts on separate support materials as 

?5 in the present invention trap B, deleterious interactions 
between the platinum and alkaline metal are avoided 
which occur when they are provided together on the 
same alumina as in trap A. 

30 Example 2 

This example prepares another embodiment of a 
trap according to the present invention. Trap C of this 
example contains the two phases of platinums-alumina 

35 and platinum/y-alumina as two layers on the monolith. 
The nitrogen oxide trap efficiency of "layered" trap C is 
compared in Fig. 3 with that of trap B which uses similar 
catalysts but in an intimate mixture. Trap C was pre- 
pared as follows. 4 wt. % Pt/y-alumina and 20 wt % Sr/ 

40 y-alumina powders were prepared following the proce- 
dure for trap B. The Sr/y-alumina powder was ball milled 
and mixed with distilled water to produce a slurry of the 
material. The slurry was applied to a corderite monolith 
(400 cell/in 2 ) to obtain a 12.5 wt. % loading of the ma- 

45 teriai onto the monolith. The monolith was then dried at 
120°C and calcined in air at 500°C. Next, the Pt/y-alu- 
mina powder was ball milled and mixed with distilled wa- 
ter to produce a slurry. This slurry was applied directly 
to the monolith carrying the Sr/y-alumina material and 

50 then dried and calcined. The finished loading of Pt/y-alu- 
mina on the monolith was roughly 1 2.5 wt. As seen in 
Fig. 3,. the nitrogen oxide trapping ability of trap B which 
contained an intimate mixture of the catalyst phases 
was superior to that of trap C which contained distinct 

55 layers of the catalyst phases. 

The data of nitrogen oxide trapping efficiency 
shown in Figs 2 and 3 was obtained by subjecting the 
traps to simulated lean bum exhaust gas containing: 



4 



7 



EP 0 764 459 A2 



8 



600 ppm NO, 10% C0 2 , 1 0% H 2 0, 0. 1 % CO, 0.03% H 2 , 
50ppm C 3 H 6 , and 6% 0 2 . The total gas flow rate was 3 
litres/min and the space velocity was 20,000hr 1 . NOx 
trap sorption efficiency was averaged over a 5 minute 
lean sorption cycle. 



Claims 

C^^f^k nitrogen oxide trap useful for trapping nitrogen ox- 
ide present in the exhaust gases generated during 
lean-bum operation of an internal combustion en- 
gine, sajd trap comprisi ng distinct cate lyjtjjhases^ 

(a) a first porous support loaded with catalyst 
comprising 0.1 to 5 weight %.pjaliaumrand 

(b) a second porous support loaded with 2 to 
30 weight % catalyst of at least one material 
selected from the group consisting of alkali met- 
al elements and alkaline earth elements, the 
weight % of catalyst being based on the weight 
of its porous support. 
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6 or 7, which further comprises a three-way catalyst 
positioned downstream of the NO x trap. 

9. A process for trapping nitrogen oxides from the ex- 
haust gases generated during lean-burn operation 
of an internal combustion engine, said process 
comprising the steps of: 

bringing said oxygen-rich exhaust gases, 
whose oxygen content is at the stoichiometric or 
more required for oxidising the components to be 
oxidised therein, into contact with a nitrogen oxide 
trap as claimed in any one of claims 1 to 5. 

10. A process according to claim 9 which further com- 
prises the step of contacting the exhaust gases with 
a three-way catalyst positioned upstream and/or of 
the nitrogen oxide trap. 



A trap according to claim 1 , wherein the catalyst 
phases (a) and (b) are provided as an intimate mix- 
ture thereof. 



25 



3. 



5. 



A trap according to claim 1 or 2, wherein said porous 
support of (a) and said second porous syppoitjof 
(b) comprises y-alumina. 30 

A trap according to claim 3, wherein said catalyst 
phase (a) further compfisQs components selected 
from ceria and rhodium. 



A trap according to any one of the preceding claims, 
wherein the catalyst phase (a) comprises said first 
support loaded with .5 to 2 wt. percent platinum and 
the catalyst phase (b) comprises said second sup- 
port loaded with 1 0 to 20 wt. percent sai d alkaline _ 
metal, ea ch based on the weight of the respective 
porous support. 



35 
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6. An internal combustion engine exhaust gas catalyst 
system comprising a nitrogen oxide trap as claimed 4$ 
in any one of the preceding claims, the nitrogen ox- 
ide trap being arranged in the exhaust system and 
absorbing nitrogen oxides when the air/fuel ratio of 
exhaust gas flowing into said trap is lean, said ni- 
trogen oxide trap releasing absorbed nitrogen ox- so 
ides when the oxygen concentration in said exhaust 
gas is lowered. 



7. An exhaust gas catalyst system according to claim 

6, which further comprises a thre way catalyst po- s$ 
sitioned upstream of the NO x trap. 

8. An exhaust gas catalyst system according to claim 
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(54) Nitrogen oxide traps 

(57) The invention is a nitrogen oxide trap compris- 
ing separate catalyst phases. One of the phases is plat- 
inum on a porous support and another is alkali metal or 
elements and alkaline earth elements on another po- 
rous support. The phases may be provided as an inti- 



mate mixture or as layers in the trap. The trap may be 
used in an internal combustion engine exhaust gas cat- 
alyst system. During lean-burn operation of the engine 
the trap adsorbs nitrogen oxides and releases the nitro- 
gen oxides during decreased oxygen concentration in 
the exhaust gas. 
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